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Abstract

Background—The goal of the present study was to analyze associations between depression and
mortality of cancer patients and to test whether these associations would vary by study
characteristics.

Method—Meta-analysis was used for integrating the results of 105 samples derived from 76
prospective studies.

Results—Depression diagnosis and higher levels of depressive symptoms predicted elevated
mortality. This was true in studies that assessed depression before cancer diagnosis as well as in
studies that assessed depression following cancer diagnosis. Associations between depression and
mortality persisted after controlling for confounding medical variables. The depression—-mortality
association was weaker in studies that had longer intervals between assessments of depression and
mortality, in younger samples and in studies that used the Beck Depression Inventory as compared
with other depression scales.

Conclusions—Screening for depression should be routinely conducted in the cancer treatment
setting. Referrals to mental health specialists should be considered. Research is needed on whether
the treatment of depression could, beyond enhancing quality of life, extend survival of depressed
cancer patients.
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Introduction

There is scientific and public interest in whether psychological factors could change the
course of cancer and other life-threatening diseases (Coyne et al. 2007). Clinical depression
is prevalent among cancer patients with rates ranging between 13 and 40% (Sellick &
Crooks, 1999). Many patients experience subthreshold or subsyndromal symptoms without
meeting criteria for a depression diagnosis (e.g. Grassi et al. 1996). Depression has been
shown to confer risk for all-cause mortality (Wulsin et al. 1999), but its implications for
cancer mortality are unclear. Previous narrative reviews have been inconsistent (Shekele et
al. 1981; Cwinkel et al. 1997; Giese-Davis & Spiegel, 2003). A prior meta-analysis on the
prospective association of depression with the development of cancer found that depression
marginally increased the risk for developing cancer (McGee et al. 1994) but recent meta-
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analyses suggest that the association between depression and cancer mortality is robust
(Chida et al. 2008; Satin et al. 2009). One showed that depression was associated with
higher cancer mortality, both in community-based samples [eight studies, risk ratio (RR)
1.34] and cancer patients (15 studies, RR 1.08; Chida et al. 2008). Another found that
depression predicted higher mortality (25 studies, RR 1.25-1.39; Satin et al. 2009).
However, many available studies on depression and cancer mortality were excluded from
these meta-analyses and moderator analyses could not be conducted. By expanding the
number of included studies, the present meta-analysis explored potentially important
moderators. We addressed two questions. First, is there an association between depression
and mortality of cancer patients in this broader sample of studies? Second, are these effects
more likely to be observed in particular subgroups of patients or in studies that used
particular methods or instrumentation?

Depression and cancer mortality

Spiegel & Giese-Davis (2003) identify three reasons why depression may enhance mortality
risk in cancer patients. First, depression may have a pathophysiological effect via
neuroendocrine and immunological functions that influence mortality (e.g. dysregulation of
the hypothalamic-pituitary-adrenal axis, especially diurnal variation in cortisol and
melatonin). Second, depressed patients may be less likely to adhere to preventive screening
procedures, cancer treatments or recommendations for maintaining health. For example,
depressed patients may be less likely to engage in regular exercise or other forms of physical
activity, may be more likely to smoke and drink alcohol to excess (Wulsin et al. 1999) and
may not adhere to prescribed medication regimens or miss therapy appointments (DiMatteo
et al. 2000). However, not all available studies found poorer treatment adherence in
depressed cancer patients (e.g. Ayres et al. 1994). Third, many of the symptoms of cancer
and the side-effects of its treatment are similar to those of depression, including the
vegetative symptoms of sleep and appetite disturbance, fatigue and concentration
difficulties. Thus, depressive symptoms may be a proxy for disease severity. Indeed,
depressive symptoms appear to be more prevalent in advanced cancer than in earlier stages
(Massie & Popkin, 1998). Whereas the first two explanations invoke substantive
mechanisms (pathophysiology, treatment adherence), the third refers to a statistical and
measurement issue, symptom overlap. Interpretive problems posed by symptom overlap can
be ruled out by longitudinal studies initiated prior to cancer diagnosis and they can be
mitigated by controlling statistically for confounding medical variables such as disease
stage.

Beyond the explanations considered for the associations between depression and mortality
(Spiegel & Giese-Davis, 2003), others are also plausible. Depressed patients may be less
likely than non-depressed patients to recruit, retain and benefit from social support and from
other forms of social capital. Similarly, they may be less effective at eliciting or cultivating
healing relationships with healthcare providers (Epstein & Street, 2007) and navigating
complex healthcare delivery systems. Furthermore, effects of depression may be mediated
through the use of ineffective coping strategies, such as passive coping or showing helpless
resignation. In this case, depression would increase the level of ineffective coping, which
again would lead to increased mortality (Faller & Schmidt, 2004). Finally, depression may
confer risk for non-cancer causes of death, such as suicide (Akechi et al. 2004).

A narrative review reported positive associations between depression and cancer progression
or mortality in 15 of 24 studies (Giese-Davis & Spiegel, 2003). For example, Derogatis et al.
(1979) and Watson et al. (1999) reported associations between depression and elevated
mortality of cancer patients, but Cody et al. (1994) did not. The apparently null findings
may simply reflect a small as opposed to nil association because effects are more difficult to
detect in smaller samples. Thus, in line with Chida et al. (2008) and Satin et al. (2009), we
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expected that there would be an overall positive association between depression and cancer
mortality when the effects are pooled across available studies. Based on the assumption that
depression's effect on cancer mortality is not a measurement artefact based on symptom
overlap with severity of cancer, we expected that the effect of depression on cancer
mortality would also be found when controlling for indicators of severity of the disease,
such as stage of cancer.

Moderating effects of study characteristics

Moderating effects occur when the size of the association between depression and mortality
is influenced by a third variable. Several study characteristics may serve as moderators.

Recruitment site—As community-based studies on mortality usually start with people
having no known cancer diagnosis, initially measured depression may affect disease onset,
disease progression and mortality. In contrast, studies that follow a cohort of cancer patients
analyze effects of depression on disease progression and mortality. Depression may affect
both cancer incidence and course. Effects may be larger in community samples because
depression is more likely to have affected both cancer incidence and course. In fact, Chida et
al. (2008) found slightly stronger associations of depression with mortality in community-
based studies than in clinical samples. Thus, we hypothesized that depression's combined
effect (on incidence and course) may lead to stronger associations of depression with cancer
mortality in community studies than in cancer samples.

Statistical control for confounding variables—Patients with more advanced disease
will have higher depression scores. Failing to control for indicators of disease severity could
lead to an inflated estimate of depression's effect if disease severity is a more important
driver of mortality than depression. In Satin et al.'s meta-analysis, the results were
inconclusive as only one out of their three analyses found a significant association of
depression and mortality after controlling for confounders. However, Watson et al. (1999)
found that the association of depression with mortality was strengthened after statistically
controlling for prognostic somatic factors.

Stage of the disease—It has been suggested that, in advanced stages of cancer,
biological functions may become increasingly important in regard to patient mortality
(Cwinkel et al. 1997) while psychosocial factors may play a larger role in the outcomes of
less progressed cancer. Thus, if depression is considered to have psychosocial origins and
consequences, we might expect smaller effects when patients have more advanced disease.
On the other hand, if the measurement of depression taps symptoms of the disease, which
could be magnified in more advanced disease stages, then we might expect larger effect of
depression when patients have more advanced disease.

Cancer site—It has been suggested that psychological factors may play less of a role in
lung cancers and others with virulent cell histopathology because these cancers rarely
deviate from an expected course (Levy & Roberts, 1992). Onitilo et al. (2006) found no
differences in the association of depression and mortality when comparing five cancer sites.

Length of study interval—As the severity of depressive symptoms may change over
time, depression scores at the first time of data collection may lose predictive power with
increasing time interval. In fact, Spiegel and Giese-Davis (2003) reported that prospective
studies that found no association between depression and cancer progression had, on
average, 10-year intervals, whereas the other studies had, on average, only 5-year intervals.
Similarly, Satin et al. (2009) found significant associations of depression and cancer
mortality in studies with time intervals <5 years but the results of studies with longer
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Method

intervals were inconclusive. Thus, we hypothesized that studies with shorter intervals show
stronger associations of depression and cancer mortality.

Measurement of depression—Whereas some studies assessed depression diagnosis,
other focused on depressive symptoms. Clinical depression may have stronger effects on
mortality because depressive symptoms in the lower range may be less likely to affect the
suggested moderators of the depression—mortality relationship, such as low compliance
(Spiegel & Giese-Davis, 2003). In fact, depression as a clinical syndrome, in contrast with
less severe depressions, may more often involve the loss of the will to live, which may cause
the rejection of cancer treatments, low compliance and elevated risk for suicide (Schulz et
al. 1996; Wulsin et al. 1999). Satin et al. (2009) found that depression diagnosis showed
slightly larger associations with mortality than depressive symptoms, but the difference did
not reach statistical significance in that smaller database.

Age—The dilemma here is similar to that for offering a hypothesis about disease stage. If
depression is considered psychosocial in origin and symptomatology, we might expect
smaller effects in samples with a greater proportion of older patients because age-associated
somatic risk factors for death, cancer plus co-morbid medical burden, would play a larger
role in older patients due to their greater medical burden. Alternatively, if the measurement
of depression primarily taps neurovegetative and other somatic symptoms, then we might
expect larger effects when patients are older because such symptoms may be an indicator of
a co-morbid disease that could cause death.

Gender—As depression is more prevalent in women than in men, we were also interested
in whether the size of the association between depression and mortality may vary by gender.
Results of available studies not specific to cancer have been inconsistent regarding whether
the association of depression and mortality would be stronger in women (e.g. Kawamura et
al. 2007) or men (e.g. Anstey & Luszcz, 2002).

Summary—In sum, with regard to moderators, we compared the effects on mortality of
depression as a function of when and how depression was assessed, disease stage, patient
age, gender and whether confounds were controlled statistically. We did not assign quality
scores to individual studies as this practice is controversial (e.g. Juni et al. 1999). Relevant
aspects of study quality are considered when computing effect sizes and their weights
(sample size) and when analyzing moderating effects (e.g. statistical control for confounding
variables).

We identified a comprehensive sample of studies searching electronic databases (Medline,
Cochrane Data Base, Psyclit, PSYNDEX); search terms: [(malignant or cancer or
carcinoma) and depression and (survival or mortality or death or Kaplan—Meier or Cox)] and
cross-referencing. Criteria for inclusion in the meta-analysis were:

1. The participants were cancer patients or were enrolled in a prospective community-
based sample for which cancer mortality is reported.

2. Depressive disorders were diagnosed according to standard diagnostic criteria in
the ICD-10, DSM-III, I11-R or IV or depressive symptoms were assessed with self-
rating scales or interviewer ratings.

3. Information on mortality is provided.
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4. Statistics could be computed or estimated for associations between depression and
mortality [e.g. RRs and their confidence intervals (ClI), survival curves, p values of
Cox regression or Kaplan—Meier analysis].

Of the 88 empirical studies initially identified, 76 met all inclusion criteria (N=176 863).
The remainder were excluded because they combined data on cancer progression and
mortality (five studies) or provided insufficient information for computing effect sizes
(seven studies). Of the 76 studies, 11 reported results for more than one sample (e.g. for men
and women or for different cancer sites), yielding a total of 105 samples.

Coding of variables

We entered the year of publication, the numbers of participants, age, gender, method for
assessing depression (1=clinical diagnosis, O=rating scales), rating scales used [1=CES-D
(Radloff, 1977); 2=Hospital Anxiety and Depression Scale (HADS; Zigmond & Snaith,
1983; 3=Beck Depression Inventory (BDI; Beck & Steer, 1979); 4=cothers], sample
composition (1=cancer patients only, 0=community sample), cancer site (1=breast,
2=leukemia/lymphoma, 3=lung, 4=brain, 5=other sites, 6=mixed sites), cancer stage
[1=early (I, 11), 2=mixed/not reported, 3=late (111, IVV)], timing of depression assessment
(1=prior to cancer diagnosis, 2=after diagnosis) and study interval (years). With regard to
control for confounding variables, we created six dummy variables (1=yes, 0=no), indicating
whether the study controlled for cancer site, stage, functional status, medical comorbidities,
age and socio-economic status. Associations between depression and mortality were coded
as RRs. The RR is a summary of the difference between two Kaplan—Meier curves or Cox
regression curves and represents the overall increase in the risk of death over the period of
follow-up. It has been especially useful for comparing two survival curves because it allows
for censoring and time of an event.

For studies reporting on different periods of follow-up, we included the results of all follow-
ups but adjusted their weight so that the sum of the subresults' weight would be equal to the
weight when only including one result (Lipsey & Wilson, 2004).

Statistical integration of research findings

Calculations for the meta-analysis were performed using random-effects models and the
non-iterative method of moments (Hedges & Vevea, 1998), given the expected variability in
effect sizes between studies beyond subject-level sampling error. Calculations were
conducted as follows.

1. RRs were calculated. If the RR was not reported, it was computed from information
about the numbers of deceased and living patients with low versus high levels of
depressive symptoms (or depression diagnosis versus lack of such diagnosis,
respectively), the logrank statistics, and survival curves, based on Parmar et al.
(1998). For example, if only survival curves are available, the numbers of deaths
and persons at risk for death are computed for each time unit for the depressed and
non-depressed groups, followed by the computation of the log RR for each time
unit and the overall log RR as the weighted sum of the individual estimates.
Outliers that were >2 S.D. from the mean of the effect sizes were recoded to the
value at 2 S.D. (Lipsey & Wilson, 2004).

2. Effect sizes were weighted by the inverse of the S.D. and combined to compute an
overall weighted mean effect size. The homogeneity of effect sizes was tested by
use of the homogeneity statistics Q. The significance of the mean was tested by
dividing the weighted mean effect size by the estimated standard error of the mean.
Then CI that include 95% of the effects were computed for each effect size.
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Results

3. Ananalog to the analysis of variance was applied for testing whether the effect
sizes would differ between conditions, such as early and late stage of cancer. A
significant Q score indicates that the size of the effects differs significantly between
studies. Differences between two conditions were interpreted as significant when
the 95% CI did not overlap.

4. Summary statistics of the effect size and the 95% CI were converted back to RRs
by taking the anti-logarithms.

Of the 76 prospective studies, 26 included patients with mixed cancer sites and did not
report results for individual sites; 15 reported results for leukaemia and lymphomas, 14 for
breast cancer, 10 for lung cancer, five for brain cancer and eight studies for other cancer
sites (e.g. colon, pancreas). The majority combined patients with early and late stages of the
disease (N=59); six focused on patients with early stage cancer (I/I1) and 11 on late stage
disease (111/1V). Most (n=62) assessed depression after cancer diagnosis; 14 examined the
influence of depression prior to cancer diagnosis. Most of the latter studies were
community-based cohort studies that assessed risk for different sources of mortality. For the
present analyses, only data on cancer mortality were used. In addition, 59 studies used
ratings of depressive symptoms and 17 studies assessed depression diagnoses based on
structured clinical interviews. The most often used rating scales were the HADS (Zigmond
& Snaith, 1983; 15 studies), the CES-D (11 studies) and the BDI (Beck & Steer, 1979; seven
studies). A total of 58 studies reporting bivariate associations and 37 studies reporting
multivariate analyses were available. The latter controlled for (some) confounding variables,
such as age (k=33), stage (k=29), functional status (k=9), socio-economic status (k=8),
medical comor-bidities (k=6), and cancer site (k=4). The included studies are identified in
the Reference section.

Respondents were, on average, 64.5 years old (S.D.=11.6). About 72% of the respondents
(S.D.=42) were women and 49% were married (S.D.=13).

As shown in Fig. 1, effect sizes varied considerably between studies. Nonetheless, 91% of
the bivariate associations between depression and mortality as well as 90.5% of the
multivariate analyses that controlled for confounding variables reported RRs >1.0, thus
indicating that depression was associated with higher mortality. Separate effect sizes were
computed for uncontrolled and controlled studies. In line with our expectations, both groups
of studies showed that depression was associated with elevated mortality (Table 1). For
example, the uncontrolled RR of 1.19 in studies that did not control for confounding
variables indicates that the relative risk for mortality increases by 19% in the depressed as
compared with the non-depressed group. As indicated by the non-overlap of the 95% ClI, the
size of the association between depression and cancer mortality did not vary significantly
between studies that controlled for confounding variables and studies that did not. In the
next step we analyzed whether the effect sizes may vary by moderator variables.

To do so, we combined the controlled and uncontrolled effect sizes. When both were
reported in the same study, the controlled effect sizes were used because they are presumed
to be more valid. This averaged effect size also showed that depression increased the risk for
cancer mortality (Table 1).

Effect sizes did not differ significantly between prospective studies that assessed depression
prior to cancer diagnosis and those that did so following cancer diagnosis. Nor did effect
sizes differ as a function of disease stage. The magnitude of the association between
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depression and survival was similar across samples with early stage, late stage and mixed
stages of cancer.

With regard to cancer site, depression predicted shorter survival in leukemia/lymphoma
patients, in breast cancer patients, in lung cancer patients, brain cancer patients and in
patients with other homogeneous sites, and in mixed samples. All the CI overlapped.

With regard to the length of the interval between the assessments of depression and survival,
we compared studies with time intervals up to 2 years, intervals of 2—4 years, 4-6 years and
longer intervals. The Q-statistics indicates that the size of the association between
depression and mortality varies by the length of study interval. Strongest associations were
found in studies with the shortest time interval, although the 95% CI overlapped with those
of the other groups.

Depression diagnosis as well as the level of depression predicted mortality of cancer patients
and the size of association did not vary between these two methods of assessment. We also
checked whether the size of association between depression and mortality would vary by the
use of different rating scales. Significant associations emerged in studies that used the CES-
D and the HADS. However, no significant associations emerged in studies that used the
BDI.

With regard to the age distribution of the samples, we found stronger associations of age and
cancer mortality in the oldest subgroup than in the youngest subgroup (Table 1). The size of
the association between depression and mortality did not vary by the gender composition of

the sample.

Discussion

The present meta-analysis showed that depression, defined categorically or dimensionally, is
associated with elevated risk for mortality in cancer patients and those who develop cancer.
Associations were stronger in studies with shorter time intervals and in older samples.
Among the self-report instruments used to assess depression, only the BDI yielded a non-
significant effect size.

Whereas some individual studies have found no evidence for the idea that depression is
associated with elevated mortality in cancer patients (e.g. Cody et al. 1994), the present
meta-analysis provides clear evidence for such a relationship. The present study further
supports prior meta-analyses (Chida et al. 2008; Satin et al. 2009) with a much larger
dataset. It has been suggested that associations between depression and mortality may, at
least in part, reflect the effect of illness severity (e.g. Spiegel & Giese-Davis, 2003). In this
scenario, the effect of depression is more apparent than real, a result of shared method
variance and overlapping symptomatology, such as fatigue and appetite disturbance. Little
evidence for this measurement confound argument was uncovered in this meta-analysis.
Studies that assessed depression years before cancer diagnosis found similar associations
with mortality than studies that assessed depression following cancer diagnosis. Nor were
effects stronger in more advanced disease stages. Studies that controlled statistically for
disease-related confounds had similar effect sizes than those that did not. Nonetheless, we
recognize that these statistical controls were limited. In fact, most controlled studies used
only global measures of severity of illness (most often stage).

Several authors have suggested that psychological variables may have a stronger effect on
disease progression and mortality in early stages of cancer (e.g. Cwinkel et al. 1997).
Although we observed a somewhat stronger effect in studies on early stages than on mixed
and later stages of cancer, these differences did not reach statistical significance, perhaps
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due to the paucity of samples on early stage (k=6) and late stage (k=14) cancer. At present,
the most parsimonious conclusion is that depression's influence on mortality is independent
of disease stage. Similarly, comparable associations were found for leukemia/lymphoma,
breast cancer, brain cancer and lung cancer. The most parsimonious explanation is that
depression’s influence on mortality is independent of site.

Associations between depression and mortality are strongest in studies with intervals of <2
years between assessment of depression and assessment of mortality. Because the
correlative stability of depression declines with increasing study intervals (e.g. Lovibold,
1998), T1-depression scores lose predictive power over time. In addition, as survival time is
extended, other intervening factors are more likely to account for mortality, thereby
obscuring any possible relationships between depression and mortality of cancer patients.

Contrary to our expectations, we did not find stronger associations with mortality in studies
on clinical depression, defined categorically, than in studies that used continuous measures
of self-rated depressive symptoms. However, the effect of clinical diagnosis may have been
underestimated as some studies used crude diagnostic indicators, such as whether the
patients had ever been hospitalized or have had outpatient contact for clinical depression
(e.g. Dalton et al. 2008). Thus, depression may have been undiagnosed in some cases, which
would, again, attenuate the size of association with mortality.

Interestingly, associations between depressive symptoms and mortality were not significant
in studies that used the BDI. Note that eight out of the 21 items of the BDI assess somatic
symptoms, whereas only four out of the 20 CES-D items assess these symptoms. As somatic
symptoms may, at least in part, indicate cancer-related symptoms, somatic co-morbidity, or
side-effects of the treatment, the BDI is less well suited for studies interested in isolating the
influence of psychological (cognitive, affective) as opposed to neurovegetative processes on
health outcomes in cancer, even though evidence for its validity in the cancer setting has
been provided (Mystakidou et al. 2007).

Whereas Schulz et al. (1996) had observed stronger associations of pessimism and mortality
in younger patients than in older patients, the present meta-analysis found some evidence for
stronger associations of depression and mortality in the oldest cancer patients. Older cancer
patients may be less likely to receive adequate treatment for depression (Roth & Modi,
2003). This may be true for a host of reasons, including greater stigma (Sirey et al. 2001),
competing demands (Klinkman, 1997), lower motivation to seek depression treatment and
the concern that frail elderly patients cannot tolerate antidepressant treatment due to side-
effects or interactions with other medications (King et al. 2005).

Some limitations of the present study have to be mentioned. First, although our meta-
analysis included 76 studies, subanalyses could only be made for four cancer sites. Second,
some potential moderators of the size of the association between depression and mortality
could not be tested due to the lack of sufficient data (e.g. chronicity of depression, receipt of
depression treatment, cancer history, time interval between cancer diagnosis and assessment
of depression, performance status). Third, because most available studies did not differ
between cancer-related mortality and other causes of mortality in cancer patients, we were
not able to test for effects on specific causes of death. Finally, we did not include
unpublished studies that were not cited in the electronic databases. Although non-significant
results from small studies may be less likely to be published, their lack of significance is
often based on small sample sizes rather than on below-average effect sizes. Thus, it is
unlikely that our findings would have differed had we included unpublished studies.
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Several directions for future research could be pursued. First, more studies on associations
of depression with mortality are welcomed for those cancer sites that could not be included
in the analysis of site-specific associations.

Second, more efforts are needed for identifying moderators and mediators of the relationship
between depression and mortality in cancer patients. Future studies should include more
differentiated measures of confounding medical variables, such as performance status, co-
morbidity and receipt of curative versus palliative treatment. In addition, they should report
whether there is a bivariate association of depression status with cancer mortality and
whether this association persists after a more comprehensive control for the severity and
type of cancer, use of different forms of cancer therapies, general physical status and other
confounding variables. Surprisingly few studies assessed physical function and treatment-
related side-effects, health-related behaviours, or personality variables (such as neuroticism)
as potential confounders. Consensus regarding which control variables should be included in
the analysis would also increase the comparability of results across studies.

With regard to clinical practice, we conclude that the association of depression with
mortality is of clinical significance. Practitioners should, first, be more aware of depressive
symptoms and depressive disorders of cancer patients. Careful consideration should be
given to routine screens for depression as part of the multidisciplinary assessment of cancer
patients (Lloyd-Williams et al. 2007). Recognizing the limitations of routine depression
screening programs in primary care (Gilbody et al. 2006), the assessment of depression may
be construed as a central element in patient-centered cancer care (Epstein & Street, 2007).
Referrals to mental health specialists should be considered. Second, as effective treatments
of depression in cancer patients are available (e.g. Hopko et al. 2005; Stockler et al. 2007),
early recognition and adequate treatment of depression could, beyond enhancing quality of
life, potentially improve medical outcomes, such as functional status. Questions have been
raised about whether psychosocial interventions have life-prolonging effects (see Smedslund
& Ringdahl, 2004; Coyne et al. 2007). The present results indicate that if such effects do
indeed exist (Coyne et al. 2007), they are likely to be found among patients with elevated
levels of depression and/or depressive disorders. Systematic research on effects of such
interventions on survival of depressed cancer patients is needed.

Acknowledgments

Work on this manuscript was supported by the following grants from the United States Public Health Service:
K24MHO072712 and R24AG031089.

Appendix: Overview of included studies

Authors Sample size (cancer)  Cancer site Assessment of depression  Time of Length
assessing of
depression  study

interval
(years)
Akechi et al. 122 Lung POMS Post 2
2009
Andrykowski 42 Leukemia POMS Post 3
et al. 1994
Beresford et 86 Mixed BDI Post 5
al. 2006
Bergquist et 94  Eosophagus HADS Post 1
al. 2007
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Authors Sample size (cancer)  Cancer site Assessment of depression ~ Time of Length
assessing of
depression  study

interval
(years)

Black & 2489  Mixed CES-D Pre 2

Markides,

1999

Broers et al. 123 Leukemia SCL-90 Post 7.2

1998

Brown et al. 205 Mixed CES-D Post 10

2003

Buccheri, 1998 95 Lung SDS Post 2

Chang, 2004a 122  Leukemia BDI Post 1

Chang, 2004b 114 Leukemia BDI Post 25

Colon et al. 100 Leukemia Diagnosis Post 2

1991

Coryell 1981 76  Mixed Diagnosis Pre 40

Dalton et al. 601 Lymphoma, leukemia Diagnosis Pre 5

2008

Dalton et al. 24391 Breast Diagnosis Pre 5

2008

Dalton et al. 20490 Lung Diagnosis Pre 5

2008

Dalton et al. 2854  Mouth Diagnosis Pre 5

2008

Dalton et al. 1982  Stomach, esophagus, pancreas  Diagnosis Pre 5

2008

Dalton et al. 9590 Colon, rectum Diagnosis Pre 5

2008

Dalton et al. 2774  Kidney, bladder Diagnosis Pre 5

2008

Dalton et al. 2871  Female genital Diagnosis Pre 5

2008

Dalton et al. 1724  Male genital Diagnosis Pre 5

2008

Dalton et al. 6755 Melanoma Diagnosis Pre 5

2008

Dalton et al. 5316  Brain, CNS Diagnosis Pre 5

2008

Derogatis et 35 Breast SCL-90 Post 2

al. 1979

Edwards et al. 26  Testes BSI Post 7

1985

Ehlers, 2002 130 Head, neck BDI Post 2.7

Faller et al. 103 Lung Zerssen Post 75

1999

Faller & 59 Lung HADS Post 4

Schmidt, 2004

Forsén, 1991 87 Breast Home made Pre 8

Frick et al. 99  Lymphoma, myeloma POMS Post 24

2005

Gantinji et al. 1052  Brain Diagnosis Pre 5

2009
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Authors Sample size (cancer)  Cancer site Assessment of depression ~ Time of Length
assessing of
depression  study

interval
(years)

Giraldi et al. 95 Breast CES-D Pre 6

1997

Goodwin et al. 24696 Breast Diagnosis Pre 3

2004

Gripp et al. 184 Mixed HADS Post 5

2007

Groenvold et 1588 Breast HADS Post 12.9

al. 2007

Grulke et al. 138  Leukemia, lymphoma HADS Post 15

2008

Herrmann et 96 Mixed HADS Post 1.8

al. 1998

Hislop et al. 133  Breast Home made Post 4

1987

Hijerl et al. 5191 Breast Diagnosis Pre, post 6.2

2003

Jamison et al. 49  Breast SDS Post 25

1987

Hoodin et al. 305 Leukemia, lymphoma MMPI Post 35

2004

Kaplan & 6801 Mixed Roberts Pre 17

Reynolds,

1988

Karvonen- 495  Head, neck GDS Post 5.1

Gutierrez et al.

2008

Kawamura et 86 Mixed Diagnosis Pre 15

al. 2007

Kissane et al. 485 Breast Diagnosis Post 2

2007

Lam et al. 162 Mixed Hamilton Post 0.5

2007

Lehto et al. 102 Breast Salokangas Post 10

2006

Lehto et al. 59  Melanoma DEPS Post 7.5

2007

Leigh etal. 101 Mixed BDI Post 3

1987

Litofsky et al. 598 Brain Diagnosis Post 2

2004

Lloyd- 87 Mixed EDS Post 1

Williams et al.

2009

Loberiza et al. 193 Leukemia Home made Post 1

2002

Mainio et al. 77 Brain BDI Post 5

2005

Mainio et al. 75 Brain BDI Post 10

2006

Murphy et al. 56 Leukemia, lymphoma CIDI Post 25

1996
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Authors Sample size (cancer)  Cancer site Assessment of depression ~ Time of Length
assessing of
depression  study
interval
(years)
Nakaya et al. 229 Lung POMS, SCID Post 5.75
2006
Nakaya et al. 1178 Lung HADS Post 2
2008
Naughton et 67 Lung CES-D Post 1
al. 2002
Onitilo et al. 876  Mixed CES-D Post 8
2006
Osborne et al. 61 Breast HADS Post 7
2004
Osby et al. 1404  Mixed Diagnosis Pre 10
2001
Palmer & 225 Mixed TQSS Post 2
Fisch, 2005
Penninx et al. 4825  Mixed CES-D Pre 6
1998
Persky et al. 2107 Mixed MMPI Pre 22
1987
Philipps et al. 708 Breast HADS Post 8.2
Pirl et al. 2009 43 Lung HADS Post 25
Prieto et al. 199  Leukemia, lymphoma Diagnosis Post 5
2005
Ratcliffe et al. 63 Lymphoma HADS Post 5
1995
Richardson et 92 Leukaemia SDS Post 4.8
al. 1990
Richardson et 47  Colon BDI Post 4.8
al. 1990
Ringdahl et al. 231  Mixed HADS Post 2
1996
Saito-Nakaya 816 Lung HADS Post 2
et al. 2006
Schulz et al. 238  Mixed CES-D Post 0.7
1996
Sheibani-Rad 258  Pancreas Diagnosis Post 0.75
& Velanovich,
2006
Shekele et al. 2020 Mixed CES-D Pre 17
1981
Steel et al. 103  Liver CES-D Post 2
2007
Stein et al. 90 Mixed Psychiatric Outpatient Post 0.25
1989 Mood Scale
Stockler et al. 189 Mixed CES-D, HADS Post 4.33
2007
Stommel et al. 871 Mixed CES-D Post 1.6
2002
Tianetal. 113 Mixed DSl Post 1
2009
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Authors Sample size (cancer)  Cancer site Assessment of depression ~ Time of Length
assessing of
depression  study

interval
(years)
Tschuschke et 52  Leukemia SCL-90 Post 5
al. 2001
Watson et al. 578  Breast HADS Post 5
1999
Watson et al. 578 Breast HADS Post 11
2005
Whooley & 7406  Mixed GDS Pre 7
Browner, 1998
Wilson et al. 381 Mixed Diagnosis Post 0.5
2007
Zonderman et 5793  Mixed CES-D, GWB-D Pre 8.8
al. 1989
Zonderman et 1812  Mixed CES-D, GWB-D Pre 13.8
al. 1989

CNS, Central nervous system; BDI, Beck Depression Inventory; BSI, Brief Symptom Inventory; CIDI, Composite
Diagnostic Interview; DEPS, Depression Scale; DSI, Depression Status Inventory; EDS, Edinburgh Depression Scale;
HADS, Hospital Anxiety and Depression Scale; MMPI, Minnesota Multiphasic Personality Inventory; POMS, Profile of
Mood States; SCID, Structured Clinical Interview — Depression; SCL-90, Symptom Checklist 90; SDS, Zung's Self Rating
Depression Scale; TQSS, Two-Question Screening Survey; pre, before cancer diagnosis; post, after cancer diagnosis.
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Fig. 1.
Distribution of effect sizes of the individual studies. m, Uncontrolled; o, controlled.
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